Biochar is a product obtained from processing of waste biomass. The main application of biochar is in soil and environment remediation. Some new applications of this carbonaceous material take advantage of its adsorption capacity use it as a heterogeneous catalyst for energy storage and conversion etc. This contribution describes thermal stability of the original biochar. It discusses biochar modifi ed by chemical and physical methods including a new compound of biochar-graphene oxide. The purpose of the modifi cations is to increase its active surface to introduce active functional groups into the carbon structure of biochar in relation to fi re safety and toxicity of those products.
Introduction
The raw material for preparation of biochar is biomass from diverse sources, e.g. cow and pig manure, straw, grass, corn, wood waste, sludge from wastewater treatment plants or a solid portion of digestate after biomass fermentation process.
The basic technology for preparation of biochar is slow pyrolysis at 300-600 °C with limited or no access of air. Another variant is hydrothermal (wet) pyrolysis performed at lower temperatures, ca. 200 °C.
Pyrolysis or hydrothermal pyrolysis produces a porous carbonaceous product with a more compact hydrophobic core with mostly aromatic structure, covered with a hydrophilic shell with some chemical activity associated with oxygen-containing functional groups.
Biochar can be characterized with physical, chemical and hydraulic properties:
• physical -size and distribution of particles, density, surface area, volume of pores (porosity);
• chemical -red-ox potential, pH, content of O, H, C and their ratio, zeta potential, content of heavy metals, PAU content; • hydraulic -content of water leachate, humidity, hydraulic conductivity, absorbability.
Use of biochar
Biochar is a material with a number of potential applications but its properties can be infl uenced by many factors. They include the type of processed biomass, selection of technological procedure (pyrolysis, thermal pyrolysis), temperature, temperature gradient, reaction time etc. Its properties can be changed by the so-called modifi cation, e.g. increase of volume of pores, increase of specifi c surface, change of representation of functional groups on the surface or by introduction of nanoparticles of metals or metal oxides into the biochar structure. The modifi cation of biomass can be performed before pyrolysis, by addition of a catalyst (alkali hydroxides) or metal salts that are reduced during pyrolysis to metal or metal oxide nanoparticles. Other methods include chemical and physical treatment of biochar after the pyrolysis. In most cases it involves chemical modifi cation seeking to change functional groups on the surface by oxidation, sulfonation, amidation or reaction of monomers (oligomers) to form composite materials.
Physical modifi cations include sonication or turbo milling (one method for preparation of magnetic biochar).
An overview of examples of published procedures for biochar modifi cation before and after pyrolysis is provided in Tab. 1.
Tab. 1 Overview of published procedures for biochar modifi cation

Agent used for modifi cation
Modifi cation by pyrolysis
Note to the content of the publication LO Before After CH 3 OH + Improvement of adsorption capacity to tetracycline (Jing et al., 2014) H 2 O 2 + Utilization of the role of -OH radicals (G. FeCl 2 , FeSO 4 , Ni(NO 3 ) 2 + Preparation of magnetic biochar (Safarik et al., 2012) GRAPHITE+ Py-SO 3 + Sorption material for PAU sorption KMnO 4 , HNO 3 + Testing of changes of adsorption capacity Nanoparticles of metals, Fe(NO 3 ) 3 , Ni(NO 3 ) 2 + Introduction of metal nanoparticles into the structure Monomers, oligomers, polymers + Preparation of polymer composite materials (Das et al., 2015) KOH, NaOH + Preparation of a catalyst of alkaline character (Abdul Hamid et al., 2014) HNO 3 , H 2 SO 4 + Improvement of adsorption capacity to Cd and Al ions (Qian et al., 2015) Metal salts (Fe, Pd, Pt, Ni) + Preparation of a catalyst biochar -metal (Shen, 2015) KOH, NaOH + Increase of biochar surface (Gu and Wang, 2013) (Tan et al., 2016) Clays, kaolin, montmorillonite + New material -testing of adsorption kinetics (methylene blue) (Yao et al., 2014) H 2 SO 4 , solution KOH + Improvement of adsorption capacity to tetracycline (P. HNO 3 50 % + Formation of carbonaceous nanoparticles (Manav et al., 2016) CNT (0.01-1%) + Improvement of sorption capacity (Inyang et al., 2014) Lignite + Joint processing -hydrothermal (Z. MnCl 2 . 4H 2 O + Modifi cation of biochar with MnO x Improvement of sorption capacity to As and Pb KMnO 4 + HCl + Preparation of composite Birnessite -Biochar HNO 3 + H 2 SO 4 (1:1) + Na 2 S 2 O 4 + Amidation of biochar (reduction of NO 2 groups to -NH 2 ), increase of sorption capacity to Cu 2+ (Yang and Jiang, 2014) Chitosan + Sorption of heavy metals and biological activity Fe 3 O 4 + Preparation of sorbents in a ball mill -sorption capacity to antibiotics (Shan et al., 2016) worldwide-used pharmaceutical products, such as isobrufen (Essandoh et al., 2015) , tetracycline (Liao et al., 2013) , acetaminophenon (Im et al., 2014) , aspirin (Essandoh et al., 2015) toxic industrial substances (Chen and Chen, 2009; Wang et al., 2013) , explosives (Oh and Seo, 2014; Oh and Seo, 2015) etc.
Potential negative factors of biochar
Biochar toxicity
Depending on the type of raw material (biomass) and the method of its pyrolysis, biochar can have a higher content of heavy metals, polyaromatic carbohydrates and various metabolites. During pyrolysis biochar can be contaminated with condensed pyrolytic vapors (Tang et al., 2016) -it is a process of the so-called release of mobile organic compounds. Electron paramagnetic resonance has shown that biochar also contains persistent free radicals that may cause inhibition of plant growth.
As the main application of biochar is in soil it is subject to environmental monitoring, i.e. tests of phytotoxicity -germination, root elongation, plant growth, tests of escape behavior annelid worms, effects on soil microfl ora, behavior of biochar in soil organic matter etc. Exposure to dust and fi re hazards (Yao and Wu, 2015; Zhang et al., 2014) , such as heterogeneous catalyst with a broad fi eld of application, material for energy storage and conversion as a supercapacitator or Li-battery, the main application of biochar is in soil engineering and as an adsorbent for various inorganic and organic pollutants, both in water and soil environment -see below. In respect to agriculture (soil), biochar is recognized to have the following benefi ts (Krishnakumar et al., 2014) :
• increases water capacity of soil; • increases production of biomass; • increases pH of soil;
• reduces toxicity of aluminum;
• reduces tensile strength of soil; • changes (supports) microbial activity; • reduces emissions of CO 2 , N 2 O, CH 4 from soil, adsorbs organic and inorganic compounds. The last reference is also connected with the important capacity of biochar to adsorb both inorganic substances (heavy metal ions) and organic contaminants in water environment and in soils, while it acts as a sorbent and prevents or limits undesired substances in plants. Physicochemical properties of biochar infl uence the adsorption kinetics. They are mainly the surface area, porosity and functional groups on the surface. Those properties are affected by the type of the initial biomass, temperature and duration of pyrolysis (hydropyrolysis), level of carbonization, pH of the solution in which the adsorption occurs, coexistence of cations, dosing (concentration) of biochar as an adsorbent, temperature (Note: adsorption is an endothermic process) etc. There is a number of mechanisms between the biochar surface and the adsorbed substance, such as electrostatic attraction, chemical bonds, intercalation, hydrogen bonds, π-π interaction, fi xing in pores, hydrophobic interaction etc. (Tan et al., 2015) . Prevailing mechanisms have been demonstrated for adsorption of certain specifi c substances. For example, for trichloroethylene it was fi lling of pores (Ahmad et al., 2013) and for aromatic explosives (TNT) it was π-π interaction (Oh and Seo, 2014) . There are also examples of adsorption of metal ions of chromium (Karim et al., 2015) , lead (Lu et al., 2012) , uranium (Kumar et al., 2011) , zinc and copper (Chen et al., 2011 ) and a whole range of groups of organic substances which may have a negative impact on the environment. They are pesticides (Taha et al., 2014; Trigo et al., 2014; Sun et al., 2011) , Sonication: NOTUS -Po wersonic s.r.o., Slovakia, Type PS 04000 A, 450 W.
An overview of the chemical reactions and the physical treatments with identifi cation of products is shown in Fig. 1 .
We have used the Hummers method for joint oxidation of biochar and graphite in various weight ratios of graphite / biochar from 0 to 2. The total weight of the sample (biochar + graphite) was 2.25 g and the oxidizing mixture consisted of 52 ml of concentrated sulfuric acid, 3.0 g NaNO 3 and after cooling of the mixture 10 °C 7.0 g of KMnO 4 was gradually added. After that the reaction mixture was gradually heated to 55 °C and intensely stirred for 2-3 hours. Then it was left to stand at the laboratory temperature for 3-4 days. Subsequently the sample was diluted with distilled water, decanted and H 2 O 2 and HCl were added. Centrifugation with decantation was repeated until pH was neutral and until a negative reaction to sulfate ions. Depending on its physical constitution the centrifuged product was either fi ltered or processed into a foil. In the case of FB-10 a part of the product was processed by lyophilization.
Results and discussion
We have divided this chapter into a part that compares structures and thermal stability of the initial biochars and a part that compares the foils prepared from the biochars by Hummers oxidation method while using the same initial ratio biochargraphite (1:2). The third part contains a discussion of the effects of graphite share used in the Hummers oxidation method to get the fi nal product (powder, foil etc.) The last part contains results of some simple chemical and physical modifi cations.
Introduction of rules for biochar standardization
The European section of the International Biochar Initiative grants European Biochar Certifi cates to commercial producers (EBC www.Europen-biochar.org/en/ebc-ibi). To obtain the certifi cate it is necessary to submit and to document results of analyses of density, electric conductivity, pH, content of C, H, O, N, ash and heavy metals, PAU and TGA diagram.
Data about thermal stability of biochar and its modifi cations published in this paper contribute to comprehensiveness of the doctoral research at FBI VŠB-TU in the fi elds of ecotoxicity and sorption capacity of biochar and its modifi cations.
Material and methods
Biochar: prepared by pyrolysis of biomass consisting of 80 % of corn silage and 20 % cellulose fi bers, 470 °C, 17 min. The pyrolysis was performed by Biouhel s.r.o Zlín. Biochar made of condensate (FB-1) and fl ue dust (FB-2).
Instrumentation
Measurement of FT-IR spectrums: Spectrometer Brucker Alpha/FT-IR, software OPUS 6.5., measuring range 375-4000 cm -1 .
TG-DTA and TG-DSC analysis: STA i 1500 (Instrument Specialists Incorporated -THASS), degradation medium: air, air fl ow rate 20 ml/min, temperature regime 25-600 °C, sample heating rate 10 °C/min, sample weights FB-1 9.70 mg, FB-2 9.31 mg, FB-3 9.41 mg, FB-4 10.50 mg, FB-5 10.13 mg, FB-6 2.62 mg, FB-7 9.64 mg, FB-8 1.76 mg, FB-9 1.89 mg, FB-10 4.06 mg. pp. 30 -43, DOI 10.1515 pp. 30 -43, DOI 10. /tvsbses-2017 Effects of graphite quantity on the character of the product of joint oxidation of graphite and FB-2 using the Hummers method On a DSC curve of the sample FB-4 one peak was detected corresponding to an endothermic process and two peaks corresponding to exothermic processes. The indistinct endothermic process is probably associated with a delay in heat transfer to the sample in the temperature interval 13.8-111.5 °C with the maximum at 44.4 °C and the peak area under the DSC curve is 247.6 kJ/kg. The fi rst exothermic process is also indistinct and it occurs in the temperature interval 307.7-394.0 °C with the peak area under the DSC curve -119.5 kJ/kg with the maximum at 356.6 °C. This process is continually followed by an unfi nished exothermic process in the temperature interval 394.0-599.7 °C and it is accompanied by a signifi cant weight loss of the sample by 35.5 wt. % in the interval of measured temperatures.
On a DSC curve of the sample FB-5 one peak was detected corresponding to an endothermic process and two peaks corresponding to exothermic processes. The indistinct endothermic process occurs in the temperature interval 15.8-77.5 °C with the maximum at 37.0 °C and with the peak area under the DSC curve 80.9 kJ/kg. The fi rst exothermic process, also indistinct, occurs in the temperature interval 300.3-382.6 °C with the peak area under the DSC curve 118.3 kJ/kg and with the maximum at 346.8 °C. This process is continually followed by an unfi nished exothermic process in the temperature interval 397.1-599.8 °C and it is accompanied by a signifi cant weight loss of the sample by 36.8 wt. % in the interval of measured temperatures.
The shapes of curves of the samples No. FB-3, FB-4 and FB-5 are very similar but in the case of the sample FB-3 the indistinct exothermic process is missing in the temperature interval ca. 300-390 °C. Samples FB-3 and FB-5 demonstrated a slight increase of weight at temperatures up to ca. 35 °C.
On a DSC curve of the sample FB-7 one peak was detected corresponding to an endothermic process and one distinct exothermic process. The endothermic process occurs in the temperature interval 12.2-148.9 °C with the maximum at 90.7 °C and the peak area under the DSC curve is 712.8 kJ/kg. The distinct exothermic process is probably composed of two processes as it is obvious that it was not completed within the interval of measured temperatures. It occurs in the temperature interval 375.5-599.9 °C with the maximum at 576.2 °C and the peak area under the DSC curve Interpretation of the measured TGA and DSC curves -thermal stability of the prepared products
The TGA curve of the samples No. 1 through 10 can be divided into several sections with different slopes, i.e. rates of weight loss. This division with the respective temperature intervals and weight losses contains parameters of detected thermal processes on the DSC curve. The energy change of the thermal process (ΔH) was determined as an area under a peak corresponding to the respective thermal process, i.e. as the area outlined by a DSC curve and a line between points indicating the beginning and end of the thermal process. The area under the peak is directly proportionate to the heat released or consumed in the reaction and the height of peak (Hf1) is directly proportionate to the reaction rate.
On a DSC curve of the sample FB-1 one peak was detected representing an endothermic process and one peak corresponding to a combination of exothermic processes. The endothermic process occurs in the temperature interval 13.1-129.3 °C with the minimum at 84.0 °C and with the peak area under the DSC curve 1258.6 kJ/kg and it is accompanied by a big weight loss by 25.4 wt. %. The exothermic process in the temperature interval 242.5-599.7 °C with the peak area under the DSC curve 6655.5 kJ/kg and with maximum at 416.1 °C is made up of several processes that cannot be differentiated. Also in this case there is a signifi cant weight loss of the sample.
On a DSC curve of the sample FB-2 one peak was detected corresponding to an endothermic process and one peak corresponding to more exothermic processes. An indistinct endothermic process, associated probably with a delay in heat transfer to the sample, occurs in the temperature interval 13.1-81.5 °C with the minimum at 23.0 °C and the peak area under the DSC curve is 124.3 kJ/kg. The exothermic process is probably made up of several, mutually overlapping thermal processes in the temperature interval 315.2-579.1 °C with the peak area under the DSC curve -7813.6 kJ/kg and with the maximum 554.1 °C. This thermal process is accompanied by a signifi cant weight loss by 50.9 wt. %.
On a DSC curve of the sample FB-3 one peak was detected corresponding to an endothermic process and an indication of an exothermic process. In the temperature interval 16.2-42.0 °C there is an endothermic process with the peak area under the DSC curve 72.9 kJ/kg and it is probably associated with heat transfer to the sample. This process has the minimum at 24.0 °C. In the temperature the minimum at 72.5 °C. The fi rst exothermic process occurs in the temperature interval 192.3-254.6 °C with the maximum at 226.7 °C and with the peak area under the DSC curve at -865,5 kJ/kg. This process is accompanied by a signifi cant weight loss. The second exothermic process occurs in the temperature interval 450.9-559.5 °C with the peak area under the DSC curve -3762.2 kJ/kg and with the maximum at 530.3 °C. Also this process is accompanied by a signifi cant weight loss with a slight weight increase at the beginning.
The foils FB-6, FB-8, FB-9 and FB-10 prepared by joint oxidation of biochar with graphite are products with the same functional groups (see Tab. 4 and spectrums in Fig. 6 and 3c) ). This is refl ected by their very similar behavior during thermal analysis -see the TGA and DSC curves in Fig. 6, Fig. 4 and Fig. 3d . In all cases there are two exothermic processes with the maximums in the interval 212-230 °C. Slightly greater is the variation of temperatures of the second exothermal process where the maximums range from 488 to 530 °C. The lowest maximum temperature of degradation was found for the foil FB-9 which was made by oxidation with the lowest content of graphite. The total thermal changes of degradation of the foils FB-6, FB-8 and FB-9 are comparable but they are signifi cantly lower than that of biochar FB-2 alone, which in this case was the initial component. Different types of biochar affected the resulting total thermal change of degradation of foils with the same ratio of graphite (1:2): FB-6 (∑ H = -4721 kJ/kg) in comparison with FB-10 (∑ H = -6760 kJ/kg), which does not correspond to the values identifi ed for thermal degradation of the initial biochars (sediment, fl ue ash). Biochar FB-2 was more exothermic (by 40 %) than FB-1 and the difference was 2294 kJ/kg. If we compare the total thermal change during degradation of foils prepared earlier (Klouda et al., 2014b) by oxidation of graphite alone and graphite with fullerene C60 (ratio 2:1) then we can see that the thermal change in case of the foil with biochar FB-2 (also the ratio 2:1) is higher and that the maximum temperature of the second exothermic effect is shifted to higher values, by up to 70-110 °C (depending on the graphite ratio).
Oxidation with H 2 O 2 , slight reduction with ascorbic acid and sonication resulted in thermal stabilization of biochar. We assume that "natural organic matter" adsorbed on the carbon skeleton of biochar was removed by chemical and physical reactions. We tested products of modifi ed biochar in the temperature range 25-600 °C and the lowest weight loss was found for FB-3, i.e. for biochar is -2418.3 kJ/kg. This process is accompanied by a signifi cant weight loss of the sample by ca. 62 wt. %.
A visual inspection of the sample residues after the thermal degradation has shown that residues of the samples FB-1, FB-2 and FB-7 were in the form of brown and white fl y ash. The look of the samples FB-3, FB-4 and FB-5 remained practically unchanged, only on the sample surface there was a thin layer of light-colored fl y ash.
On a DSC curve of the sample FB-6 one peak was detected corresponding to an endothermic process and two peaks corresponding to exothermic processes. The endothermic process is indistinct and it occurs in the temperature interval 15.1-47.9 °C with the peak area under the DSC curve 286.2 kJ/kg and with the minimum at 30.7 °C. The fi rst exothermic process occurs in the temperature interval 177.3-263.0 °C with the peak area under the DSC curve -1005.6 kJ/kg and with the maximum at 212.2 °C. The second exothermic process occurs in the temperature interval 458.3-591.8 °C with the peak area under the DSC curve -4001,8 kJ/kg and with the maximum at 519.9 °C. Both the exothermic processes are accompanied by signifi cant weight losses.
On a DSC curve of the sample FB-8 two peaks were detected corresponding to exothermic processes. The fi rst exothermic process occurs in the temperature interval 179.7-246.2 °C with the maximum at 217.1 °C and with the peak area under the DSC curve 1319,2 kJ/kg. The second exothermic process occurs in the temperature interval 453.9-564.7 °C with the peak area under the DSC curve -4273,3 kJ/kg and with the maximum at 524.2 °C. Both the thermal processes are accompanied by signifi cant weight losses.
On a DSC curve of the sample FB-9 two peaks were detected corresponding to exothermic processes. The fi rst exothermic process occurs in the temperature interval 183.3-255.9 °C with the maximum at 230.2 °C and with the peak area under the DSC curve -1033,3 kJ/kg. The second exothermic process occurs in the temperature interval 423,2-546,8 °C with the peak area under the DSC curve -3640,7 kJ/kg and with the maximum at 488.2 °C. Both the thermal processes are accompanied by signifi cant weight losses.
On a DSC curve of the sample FB-10 one peak was detected corresponding to an endothermic process and two peaks corresponding to exothermic processes. The endothermic process occurs in the temperature interval 13.6-178.1 °C with the peak area under the DSC curve 1953,1 kJ/kg, which is probably associated with a delay in heat transfer to the sample. The process reaches characteristic vibrations of the group -C=O in the biochar from the fl ue dust (FB-2) and its strongest vibration at 1405 cm -1 , which we allocated to the valence vibration of the -COO-anion. In the spectrums of both biochars there are vibrations that can be potentially allocated to an aromatic skeleton and related summation bands of aromatic rings (2000-2300 cm ). Two oxidations of biochar have been also described in literature with aggressive oxidizing (nitrating) agents. The initial biochar was prepared at 350 °C from rice straw and hulls and its oxidation was performed with a mixture of HNO 3 /H 2 SO 4 (1:3) that was diluted for experimental purposes to 20, 40 and 60 % . This oxidation resulted in a product with good adsorption ability to Cd and Al ions. In the second case (Qian et al., 2015) the oxidation was performed with 50 % nitric acid at 60 °C and the reaction time was 5 hours. Equally as in our work, FT-IR analysis was used for basic identifi cation of functional groups. The published IR spectrum has the strongest absorbance at 1106 cm -1 C-O-C, 3420 cm -1 -OH, 1720 cm -1 C=O. The peak at 1610 and 1444 cm -1 was allocated to the asymmetric and symmetric vibrations -COO-. At the same time, a very weak peak at 1346 cm -1 was assigned to the symmetric vibration -NO 2 and the authors assumed electrophilic substitution of hydrogen on the carbon skeleton. A medium strong vibration with the maximum at 3420 cm -1 was assigned to the bond vibration -OH. In case of the second experiment (Qian et al., 2015) the authors believed that a part of biochar formed nanoparticles soluble in water. This solubility was possible due to the presence of the groups -COOH (1717 cm -1 ) and -OH. For our product (FB-7), i.e. product of oxidation of biochar without graphite using the Hummers method, we were not able to identify any vibrations characteristic for -OH groups. Weak vibrations in the spectrum at 2671 cm -1 and 2604 cm -1 can be assigned to C-H. Medium vibrations 1719 cm -1 and 1702 cm -1 have been assigned to carbonyl and vibrations at 1560 cm -1 to aromatic skeleton (C=C), and they continue with summation bands of the aromatic ring (2000-2300 cm -1 ). The absorbance had the maximum at 1074 cm -1 and it can be assigned to functional groups C-O, asymmetric and symmetric C-O-C, =C-O-C or to their structural groupings. In our IR spectrum we have not identifi ed any vibration of the -NO 2 group 1540 cm -1 and 1348 cm -1 /.
after sonication at a slightly elevated temperature. This product did not demonstrate any exothermic degradation. The thermal changes of degradation in case of the FB-4 (oxidation with H 2 O 2 ) and FB-5 (reduction with ascorbic acid) were practically zero. The biggest weight loss in the measured temperature range was found for FB-7, i.e. a product of biochar oxidized using the Hummers method without presence of graphite.
Ignition temperature of biochar
Measuring of the minimum ignition temperature of biochar was performed in agreement with the standard ČSN EN 50281-2-1: Electrical apparatus for use in the presence of combustible dust -Part 2-1: Test methods -Methods for determining the minimum ignition temperatures of dust, method B: Swirling dust in an oven at a constant temperature. The measurement was performed on a modifi ed instrument in which the method of dust swirling was modifi ed: in the original instrument the dust is swirled into the test equipment from the top while in the modifi ed instrument the dust is swirled from the bottom of the equipment. When using the swirling from the bottom the dust moves upwards and it is swirled. Subsequently, dust sedimentation occurs depending of the character of the dust, its properties and on the environment in which it is swirling. This method is supposed to keep the dust in the oven´s space longer and the sample exposure is therefore longer in comparison with the method anticipated by the standard.
The tested biochar sample was analyzed on sieves and the mean size of the particles was 0.13 mm.
The minimum ignition temperature of biochar is higher than 1000 °C. No explosion fl ame was observed on the biochar sample at the temperature of 1000 °C which is the ignition criterion for this test. Only sparks were observed during the measurement, which are not considered an ignition.
Interpretation and allocation of vibrations to IR spectrums
The basic difference between the measured spectrums of initial biochar was in the values of absorbance of the whole spectrum -see Fig. 2 . The dominant peak in the FB-1 spectrum is a broad solid absorption band with the maximum at 3312 cm -1 allocated to the valence vibration of -OH. Weak valence vibrations for this group are also in the spectrum FB-2 with a shift of wave numbers to higher values. The principal difference between the spectrums is in the identifi cation of weak but The method selected for pilot testing to determine phytotoxicity of biochar and its modifi cations was a contact test of inhibition of germinability and root growth. The selected test organism was white mustard (Sinapis alba L.). The tests were performed based on a modifi ed procedure described in Annex No. 1 to the Methodic instruction by the waste department for determination of ecotoxicity of wastes (G. . For a control sample 20 seeds were evenly distributed on wet fi ltration paper placed on a Petri dish. For the tested samples, with regard to the limited quantity of the prepared nanomaterials, a specifi c sample weight was placed into each dish -see Tab. 2 (2 parallel determinations for each sample). 10 seeds were placed on the weighted sample and 10 more seeds were evenly distributed around the sample, similarly as in the control sample. The seeds were incubated in the dark at 21 °C for 72 hours.
As indicated by Tab. 2 the root growth was least affected by the sample FB4. The other samples slowed down the root growth much more and their inhibition effects were essentially comparable, while the most toxic ones seemed to be the samples FB6 and FB8. No signifi cant inhibition effects were observed for the seeds placed outside the samples, with one exception of the sample FB10. Even some positive effects on the root growth were observed in the proximity of the samples and the effect was again most distinct for the sample FB4 (see Fig. 5 ). However, we used only a limited number of seeds for the pilot testing and therefore the results are rather informative.
We were surprised by the absence of -OH groups in the product of oxidation. However, their absence was apparent even earlier, when the product was processed by decantation and centrifugation and when we were unable to produce a thick oily suspension -interconnection by hydrogen bonds that enable formation of a foil (fi lm). The water suspension looked like a "colloid", homogeneously dispersed, and most of it passed through a fi lter. A broad and intense absorption band characterizing the -OH vibration was identifi ed in foils made of the products FB-6 and FB-10 after oxidation of biochars in presence of graphite (2:1) and regardless of the initial type of biochar -see Fig. 3 . Spectrums of the foils were very similar, with certain differences e.g. in intensity of absorbances of the groups C=O and C=C, -C= C-C=C-, which was more intense in the foil FB-6. Naturally, there are also small differences in the wave numbers and shapes of the peaks in the interval 1020-1300 cm -1 which is characteristic for valence vibrations of C-O-C, = C-O-C, -O-(ether, ester, anhydride, acetal). Presence of graphite in biochar oxidation infl uenced properties of the prepared products. IR spectrums (Fig. 6 ) were used to identify joint functional groups and their allocation to wave numbers -see Table IV . There was a certain small difference between the products FB-6, FB-8 and FB-9 in the shift of the strong vibration which characterizes oxy groups, specifi cally towards the higher values with a decrease of graphite content in the oxidized mixture (Fig. 7, 8 
Conclusions
Biochar is a product obtained from processing of waste biomass. Oxidation of biochar in presence of graphite enables preparation of foils with a lamellar structure (Klouda et al., 2014b) with modifi cations that provides them with a potential for future applications. In this article there are further described the results of thermal stability of prepared products also ignition temperature of biochar was measured. Finally there were discussed interpretation and allocation of vibrations to IR spectrums and the toxicity of various types of biochar. pp. 30 -43, DOI 10.1515 pp. 30 -43, DOI 10. /tvsbses-2017 
